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MOLECULAR INSIGHTS INTO PROPOXAZEPAM
INTERACTION WITH TRPV1 RECEPTORS: A DOCKING
ANALYSIS

In this study, we used molecular docking modelling to investigate the interaction
between propoxazepam (new analgesic), and the transient receptor potential vanilloid
type 1 receptors. Propoxazepam has the necessary pharmacophoric features of the
pharmacophore model of TRPV1 ligands. Propoxazepam creates hydrogen bond
between TYRS511 of the TRPV1 receptor as well as referent ligand SB-366791.
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Pain is a frequent reason for patients to go to a medical facility [18]. An alternative
way to treat pain without addiction is by targeting receptors that are at the origin of
the pain pathway, such as transient receptor potential (TRP) ion channels. TRPV1,
the vanilloid TRP channel subfamily’s founding member, is one of the most popular
targets for pain therapy. The need for TRPV1 inhibitors that are specific for pain
treatment goes beyond pain treatment and covers other diseases related to this channel,
such as psychiatric disorders [15]. TRPV1(Transient receptor potential vanilloid
1) is a member of the vanilloid TRP (transient receptor potential) channel family,
similar to voltage-gated potassium channels, and it is present in both the central
nervous system and peripheral blood vessels. Inflammatory bowel syndrome (IBS),
osteoarthritis, rheumatoid arthritis, postherpetic neuralgia (PHN), and cystitis are all
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pathophysiological conditions that TRPV1 is involved in. This makes understanding
this receptor essential for the treatment of many different disorders. Reducing pain
perception and itch sensation in pathological conditions can be achieved through
the use of TRPV1, which has been shown to be a promising therapeutic target.
There are two ways that TRPV1 can be targeted pharmacologically, either it can be
desensitized by vanilloids by agonists or blocked by antagonists. TRPV1 agonists
have therapeutic effects by desensitizing pain-conducting nerve fibres, which is
a contributing factor to analgesic effects. Desensitization to TRPV1 agonists (eg,
capsaicin and resiniferatoxin) is a powerful approach to alleviate nociceptive
behavioural symptoms in animal models of chronic pain [4,8,17]. The vanillyl
group is the predominant ingredient in most potent TRPV1 agonists reported until
now, but several examples demonstrate that this group can be substituted by similar
chemical groups. Recently, it was discovered that the TRPV1 agonist MDR-652
has a 3-fluoro-4-(hydroxymethyl)phenyl group instead of a vanillyl group (table 1).
TRPV1 antagonists exhibit analgesic and anti-inflammatory effects in neuropathic
pain [4]. Heat, protons, and chemical ligands are the three modes of TRPV1 activation
that TRPV1 antagonists selectively block [7].

In vitro and in vivo studies revealed that SB-366791 (N-(3-methoxyphenyl)-4-
chlorocinnamide), the cinnamamide antagonist, had a high affinity for inhibiting
TRPV1, but it did not exhibit little effect on a panel of 47 different targets, including
G-proteins and voltage-dependent calcium channels. SB-366791, a TRPVI1-
specific inhibitor, is a promising candidate for treating TRPV1-related pain. The
use of SB-366791 has been implicated in treating TRPV1-mediated inflammatory
pain by blocking glutamatergic transmission in a specific set of neurons through
a pre-synaptic TRPV1-dependent mechanism after peripheral inflammation [15].
The innovative drug «Propoxazepam», which was created by the scientists of the
0O.V. Bogatsky Institute of Physics and Chemistry of the National Academy of
Sciences of Ukraine and CAR «INTERCHIM», has an original pharmacodynamic
profile, since it simultaneously inhibits acute and chronic pain and exhibits anti-
inflammatory and anticonvulsant effects [2]. Propoxazepam also interacts with other
biological targets responsible for the course of pain: glycine receptors, dopaminergic
system, NMDA receptors, alpha-1 adrenoceptors [1]. The aim of the study: the
study of interactions of ligands with the TRPV1 receptor by molecular docking and
analysis of components of these interactions.

Materials and methods

In order to study the binding energy of the TRPV1 receptor with the researched
compounds 8GFA — Cryo-EM structure of human TRPV1 in complex with the
analgesic drug SB-366791 was utilized. The protein was modelled by using Protein
Preparation of Schrodinger Suite; to prepare the protein structure, hydrogen atoms
were added and hydrogen bonds were optimized. The ligands were prepared by
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Table 1

General information about agonists and antagonists of TRPV1 receptor
(Schemes of chemical structures have been created by Draw Structure NIH)

Ligands of TRPV1
receptor

Description

Antagonist

Capsazepine
Ho N M
to Cl

Draw Structure NIH

Capsazepine consists of a 2,3,4,5-Tetrahydro-1H-2-benzazepine-7,8-
diol in place of the vanillyl group. Blocking the activation of TRPV1
and transient receptor potential cation channel subfamily A member 1
(TRPA1) is possible with it [3].

JNJ-17203212

A

9]

It is an TRPV1 receptor antagonist. The drug exerts potent
antinociceptive and antitussive actions. It is developing by Johnson &
Johnson for the treatment of pain and cough [9].

Agonist

Capsaicin

Capsaicin, a botanical irritant naturally present in chili peppers, is
synthetically produced for pharmaceutical uses. TRPVI, a complex
of'ion channels and receptors that is expressed on nociceptive nerve
fibres in the skin, is agonised by this substance [10]. Capsaicin’s

initial exposure activates TRPV1 ligand gated channels on the primary
afferent nociceptive neurons, it leads to depolarization, the beginning
of an action potential, and the transfer of pain signals to the spinal
cord. Following this, there is a prolonged refractory period called
desensitization. If the dose is too much, it leads to a more durable local
desensitization called defunctionalization [§].

[11]

Euphorbia resiniferous (cactus-like plant) is the source of
Resiniferatoxin (RTX or RTX-107) which is an anti-inflammatory
vanilloid. This substance acts as an agonist for the transient receptor
potential vanilloid 1 (TRPV1). Desensitizing the TRPV1 receptor
causes resiniferatoxin to cause analgesia [11].

Piperine The seeds of black pepper (Piper nigrum) contain a simple and
pungent alkaloid known as piperine. Piperine activates TRPV1 by
(:@\/\/\’(O directly interacting with the pore-forming S6 segment, in a manner
o AN distinct from that of capsaicin [6]. The properties of piperine include
° immunomodulation, anti-ulcer, anti-oxidation, anti-carcinogenic, anti-
[12] asthmatic, anti-inflammatory and anti-amoebic [12].

Anandamide . . - . .
Anandamide is a neurotransmitter that is involved in the regulation

s a i —— of cannabinoid receptors. It has an anti-proliferative effect that is

H

CH,

[13]

associated with a decrease in cells in the S phase of the cell cycle. In
mice, Anandamide has a positive impact on motivation and eating
behaviour [13].

N-oleoyldopamine

N-oleoyldopamine is a lipid compound that comes from the
mammalian brain. It has been proven that it is a capsaicin receptor
(TRPV1) agonist. The capsaicin receptor activation leads to glutamate
release and postsynaptic firing in the paraventricular nucleus. Calcium
influx can be induced by N-oleoyldopamine in TRPV 1-transfected
HEK?293 human embryonic kidney cells, as reported [14].
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LigPrep module of Schrodinger suite before proceeding for docking [16]. The
docking and QSAR prediction were carried out with propoxazepam, its possible
metabolite 3-hydroxopropoxazepam, diazepam, oxazepam, SB-366791, RTX,
capsazepin, capsaicin. The QSAR build model using the automated QSAR panel
of Maestro Schrodinger Suite. For building QSAR model we used 408 TRPV1
antagonists being comparable between each other. List of these substances we took
from Supporting Information of the article of Pharmacoinformatics Research Group
Univ.-Prof. Dr. Gerhard F. Ecker. Department of Pharmaceutical Sciences Division
of Pharmaceutical Chemistry University of Vienna. The dataset had an IC50 range
between 0.4 and 17490 nM. The capsazepine activity is determined to be 100 nM
in this assay type. This value was used as a threshold to categorize compounds into
active and inactive in their ability to block the receptor after capsaicin activation. A
dataset with 201 active compounds and 207 inactive compounds was produced as a
result [18].

Molecular docking: The location of the referent ligand (the analgesic drug
SB-366791) was used to determine automatic binding site detection. The quality of
geometric contacts and their energy were used to calculate the interaction between
protein and ligand complexes. The following formulas were used to rank the ligands
based on their G-scores G-score = (0.05*vdW) + (0.15*Coul)+ Lipo + Hbond +
Metal + Rewards + RotB + Site (1), where vdW was the Van der Waals energy,
Coul represents the Coulomb energy, Lipo term explains the Lipophilic, Rewards
describes the favorable hydrophobic interactions, Hbond means Hydrogen-bonding
term, Metal gives the information about metal-binding RotB tells about penalty
for freezing rotatable bonds and Site defines polar interactions in the active site.
To perform binding free energy calculations for MM-GBSA, the Prime module
in the Schrodinger Suite was utilized. The binding energy is calculated according
to the equation: DG bind = E complex(minimized) — E_ligand(minimized) -
E receptor(minimized) [16].

Results and discussion

Pharmacophore modelling. Capsaicin-like TRPV1 ligands have a well-defined
pharmacophore consisting of a sequential arrangement of three chemical elements:
aryl interaction head, neck (H-bond interaction linker), and tail group (the lipophilic
chain). It is possible to identify these pharmacophoric features in TRPV1 agonists
and antagonists. The vanilloid group (4-hydroxy-3-methoxyphenyl) is located in the
head region of capsaicin ligand [4]. A wide variety of synthesized TRPV1 ligands
such as catechol-containing structures, 2,3-dihydro-1,4-benzodioxine derivatives,
3-fluoro-4-(methylsulfonylamino) phenyl-containing structures, and chalcones have
been reported in recent decades that contain other groups rather than a vanilloid
moiety [5].
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We built a pharmacophore model based on a list of ligands taken from the
Supporting Information of the article of Research Group Dr. Gerhard F. Ecker. In the
obtained pharmacophore model, it is possible to distinguish such parts of the ligand
as aryl interaction region A, amide B-region, and the hydrophobic chain C.

The propoxazepam we are studying is one of the alkoxy derivatives of
1,4-benzodiazepine. Propoxazepam has the necessary pharmacophoric features:
region A-benzene ring, which is connected to a seven-membered diazepine ring and
aryl substituent in position 5; region B — the amide group (NH-C=0). This group
contains a hydrogen atom that can act as a hydrogen bond donor and the carbonyl
oxygen that can act as a hydrogen bond acceptor. This makes it an important site for
interactions with other molecules, such as receptors or other proteins in the body;
region C — alkoxy group (fig. 1).
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Capsaicin (TRPV1 agonist) Resiniferatoxin (RTX) (TRPV1 agonist)

Fig. 1 Structures of ligands pharmacophoric features prepared by Maestro Schrodinger Suite.
(A - Aryl interaction head, B — H -bond interaction linker, C — Hydrophobic tail)

Docking analyses using GLIDE module. The study of the docking of ligands
with the active centres of the protein was carried out using the advanced molecular
docking program Maestro Schrodinger Suite to determine the binding affinity of the
compounds. Docking results allowed for the determination of the interaction’s gscore
values, as well as its components — hydrophobic interactions and hydrogen bonding
for researched ligands in the binding site of TRPV1 receptor were determined
(fig. 2). Molecular docking was provided for each molecule of ligand per subunit
of hTRPV1 tetramer.The interactions within each binding site are determined by the
contribution of specific amino acid residues to the overall process, which determine
the strength and type of the interaction. The docking results were analysed by using
docking score (calculated noncovalent three-dimensional interactions between a
ligand and a protein).
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Ligand -1
Capsaicin

Ligand -5
Oxazepam

Ligand -2
Capsazepin

Ligand -6
Propoxazepam

Ligand -3
3-hydroxo-

propoxazepam

Ligand -7
RTX

Ligand —4
Diazepam

T

Ligand -8
SB-366791

Fig. 2 Structures of the investigated compounds prepared by LigPrep module

Table 2
Docking scores using GLIDE module chain A of TRPV1 receptor
dockin other
Ligand scoreg gscore lipo! hbond? evdw? ecoul* | interaction
types®
1 -7.71 -7.71 -3.73 -0.30 -39.98 -9.01 -0.33
2 -6.39 -6.40 -3.18 0 -32.18 -4.09 -0.99
3 -6.49 -6.49 -2.43 0 -29.38 -6.11 -1.68
4 -7.66 -7.66 -3.05 -0.21 -28.39 -4.67 -2.29
5 -6.82 -6.82 -2.60 0 -26.09 -5.17 -2.41
6 -7.30 -7.30 -3.15 -0.57 -35.73 -4.52 -1.12
7 -8.23 -8.23 -4.02 -0.32 -46.03 -4.67 -0.9
8 -9.54 -9.54 -4.48 -0.32 -42.82 -6.50 -1.64

Nipo (lipophilic contact), >hbond (hydrogen bond), *evdw (Van der Waals energy), ‘ecoul (Coulomb
energy), “other interaction type (metal-binding + rewards + penalty for freezing rotatable bonds +

polar interactions in the active site)

The findings indicate that the reference compound SB-366791 has the lowest
docking scores and MMGBSA free energy of binding across binding sites on all
four chains, which means that this compound has the best affinity for the TRPV1
receptor than the other ligands. Specifically, the docking score of propoxazepam
(=7.30 kcal/mol) indicates a stronger interaction with the TRPV1 receptor compared
to oxazepam (—6.82 kcal/mol), 3-hydroxopropoxazepam (—6.49 kcal/mol), and
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capsazepin (—6.39 kcal/mol). The docking score of propoxazepam in chain C
and B is lower than that of diazepam, resulting in stronger interaction than that of
diazepam (table 2). The binding energy were analysed by using MMGBSA dG
Bind (Molecular Mechanics Generalized Born Surface Area) (table3).
Table 3
Energy of binding of receptor ligand complex calculated using Prime MMGBSA
method chain A of TRPV1 receptor

gI;ril- d N{ll\(/!;(_}]];liﬁ_ Coulomb! | Covalent* | H-bond® | Lipo* | Packing® S(gll;,; vdW’
1 -61.98 -26.45 2.09 -1.53 -29.45 -0.44 37.67 -43.88
2 -48.45 -15.09 -0.46 -0.83 -25.12 -2.39 27.59 -32.15
3 -38.01 -18.48 7.67 -1.01 -15.89 -0.63 20.97 -30.65
4 -43.14 -13.40 4.54 -0.42 -21.35 -0.72 16.18 -27.95
5 -37.51 -16.81 4.18 -1.02 -18.44 -0.52 23.46 -28.37
6 -40.96 -15.60 8.51 -1.27 -23.59 -0.59 30.53 -38.95
7 -61.12 -13.09 4.96 -0.70 -36.81 -0.25 41.22 -56.45
8 -71.63 -18.84 0.799 -0.77 -29.01 -1.22 24.22 -46.83

!Coulomb (Coulomb energy), 2?Covalent (Covalent binding energy), *H-bond (Hydrogen-bonding
correction), “Lipo (Lipophilic energy), SPacking (Pi-pi packing correction), ‘Solv_GB (Generalized
Born electrostatic solvation energy), 'vdW (Van der Waals energy)

Furthermore, propoxazepam demonstrates a lower value of MMGBSA free
energy of binding compared to oxazepam and 3-hydroxopropoxazepam. When
considering the increase in the free energy of interactions, the ligands can be ranked
as follows: SB-366791 > Capsaicin > RTX > Capsazepin > Propoxazepam >
Diazepam > 3-hydroxopropoxazepam > Oxazepam. However, in chains B, C, and D,
propoxazepam has a better MMGBSA free energy value than capsazepin (table 3).
It’s important to note that, as per the glide module, propoxazepam exhibits the
largest contribution of hydrogen bonds in the energy of interaction with the receptor.
Additionally, the prime MMGBSA method also shows that one of the highest
contribution hydrogen bonds in free energy of binding belongs to propoxazepam,
second only to capsaicin.

Propoxazepam establishes two hydrogen bonds: one involving the NH group of
the amide (resulting in a hydrogen bond interaction with the linker-neck) and THR550
of the protein, and another between oxygen of the alkoxy group (hydrophobic tail)
and TYRS511 of the TRPV1 receptor. Other benzodiazepines also form hydrogen
bonds with the receptor. For instance, 3-hydroxopropoxazepam and oxazepam create
a hydrogen bond between the hydroxyl group of the diazepam ring and TYR511, and
3-hydroxopropoxazepam additionally establishes another hydrogen bond between
the NH group of the amide group of the diazepine ring and THR550. Diazepam
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interacts with the receptor through hydrogen bonding by utilizing oxygen of the
amide group with TYRS11. Ligands with confirmed effects on the TRPV1 receptor
also engage in interactions with the protein by forming hydrogen bonds with the same
amino acids as the benzodiazepines, namely THR550 and TYRS511. Capsaicin uses
oxygen of the amide group to form a hydrogen bond with THR511 of the receptor
and the hydroxyl group of the benzene ring with GLUS570. Capsazepin establishes
a hydrogen bond via its OH group with THR550. In the interaction between RTX
and the TRPV1 receptor, TYR511 plays a crucial role as this amino acid forms a
hydrogen bond with the ester group of region B. Regarding the reference compound
SB-366791, it forms a single hydrogen bond between the oxygen of its amide group
and TYRSI1 (fig. 3).

/:‘. = e .“.:/ g A:\:DHA;% > aﬁ;‘

// \;:-/ W_/ﬁ°/
Capsaicin Capsazepin 3-hydroxopropoxazepam Diazepam
£ i ;’L } ‘ A; g g8 \\ / @//&) /
* L/ SRR HE 1

e ‘.;:‘/Aw va__& . ¢ "—i—__‘—;i/../u N ‘7‘//‘::4
Oxazepam Propoxazepam RTX SB-366791

Fig. 3 Visualization of location in specific binding site of investigated ligands
in the binding site of TRPVI prepared by Maestro Schrodinger Suite

QSAR analyse. In the research, the model kpls desc 19 was chosen because
it demonstrates the highest score 0,63. This model has an R-squared value for the
regression (the coefficient of determination) is 0.6445, which is the second-highest
among the models. R-squared measures how well the model fits the training data, and
a value of 0.6445 indicates a reasonably good fit. «kpls_desc 19» has an RMSE of
0.6601, which is not the lowest but is still competitive. RMSE measures the average
prediction error, and lower values are preferred. While it’s not the lowest RMSE,
it’s still within an acceptable range. «kpls desc 19» has a Q"2 value of 0.6430,
indicating good predictive performance on new, unseen data. This suggests that the
model is likely to make accurate predictions beyond the training dataset. Q"2 MW
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(Null hypothesis): Chosen model has a Q"2 MW value of 0.0042, which is positive
and suggests that it performs significantly better than a null hypothesis model. This
is important because it indicates that the model has genuine predictive power (fig.4).

kpls_desc_19

Activity (predicted)
&

® raining Set
e 5 ~ 5 2 Y ® TestSet
Activity (observed) — y=x

Fig.4 The best model kpls desc_19 created by Maestro Schrodinger Suite
was used for observation and prediction of training and test set activity.

Because of the minus sign, higher pIC50 values indicate exponentially more
potent inhibitors. Diazepam and Oxazepam have the lowest predicted pIC50 values,
indicating that the model predicts them to be less potent among the compounds.
Propoxazepam has the highest predicted pIC50, it means that the model predicts it to
be the most potent among the compounds (table 4).

Table 4
Predicted ICS0 of investigated compounds using best model kpls_desc_19
3-hydroxo- Diazepam Oxazepam Propoxazepam
propoxazepam
Pred pIC50 -1.958 -2.283 -2.253 -1.115

Lower pIC50 values (closer to negative infinity) suggest lower potency, meaning
that the compound has a weaker affinity for the target and is less likely to affect the
target’s activity significantly. In our case, with a pIC50 value of —1.115, propoxazepam
is predicted to have relatively low potency or affinity for TRPV1, but this value is
higher than other ligands.

Conclusions:

1. Propoxazepam has the necessary pharmacophoric features of pharmacophore
model of TRPV1 ligands: aryl interaction head (benzene rings), H -bond interaction
linker (the amide group (NH-C=0)), hydrophobic tail (alkoxy group).

2. The docking score of propoxazepam (—7.30 kcal/mol) indicates a stronger
interaction with the TRPV1 receptor compared to oxazepam (—6.82 kcal/mol),
3-hydroxopropoxazepam (—6.49 kcal/mol), and capsazepin (-6.39 kcal/mol).
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Propoxazepam creates hydrogen bond with TYRS11 of the TRPV1 receptor as
referent ligand SB-366791. Propoxazepam exhibits one of the largest contributions
of hydrogen bonds in the energy of interaction with the receptor.

3. According to QSAR modelling, all studied compounds (3-hydroxo-

propoxazepam, diazepam, oxazepam, propoxazepam) have low pIC50 values, which
could indicate a relatively low potency or affinity for TRPV1.
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MOJIEKYJIIAPHE YABJEHHSA PO B3AEMOAIIO
IPOINIOKCA3EITAMY 3 PEIIEIITOPAMMU TRPV1:
JOKIHI'-AHAJII3

Pe3rome

IIpobsema. 3HebomIOI0Ua Teparist 3aauIIazacs KOHIENTyalIbHO HE3MIHHOIO TiCIs
OMiOTTHOT KpH3H, sIKa MiJAKpecuia HeOe3neKy JiKyBaHHs 000 omnioinamu. Peren-
topu TRPV1 Ta ix jiranau ctanu 06ararooOilsIIOYUMHU MIIICHSIME JUTS JIIKYBaHHS
Ppi3HHUX OOJIHLOBUX CTaHIB, BKIIOYAIOUH 3alabHUM 1 HeliponarnuHuii Oinb. [Topanbmn
ITOCITIIKSHHS MEXaHi3MIB aKTHBaIii Ta geceHcuoimizanii pernenropis TRPV1, a Ta-
KOX JIOCII/DKEHHS HOBUX JIITAHIIB 3 ITiIBUIICHOIO BHOIPKOBICTIO Ta €()EKTUBHICTIO
MaroTh MOTEHITIaJ JIJIs TIOJIETIICHHS TATapsT XPOHIYHOTO OOITIO.

Merta. Bupuenns B3aemoii siranis 3 peuentopom TRPV1 nuisixom MosiekysisipHo-
T'O IOKIHTY Ta aHaJIi3 KOMIIOHCHTIB I[UX B3a€MOJIIN.

MeTonuka. 3 MeToI0 BUBYEHHsI eHeprii3B 13Ky perentopa TRPV 1 3 nocnipkyBannmu
cnoykamu 8GFA — Oyna Buxopucrana crpykrypa Cryo-EM momuaun TRPV1
y KomIuiekci 3 aHampretukoM SB-366791. Jloxinr i QSAR-mporHo3 mpoBomuin
3 TIPOTOKCA3enaMoM, HOTO MOMIIMBUM MeTa0O0iTOM 3-TiIpOKCOTPOTIOKCA3ETIaMOM,
nmiazermamoM, okcasemamom, SB-366791, RTX, karca3emninoM, karcaiiiaoM. JJoOKiHT
aHauti3 Ta crBopeHHst QSAR mogerni mpoBonuu 3a fonomororo Maestro Schrodinger
Suite.

OcHoBHi pe3yabraTu. [Iponokcaszenam Mae HeoOXiHI hapmaxko(OpHi BIaCTHBOCTI
Ut 3B’ s13yBaHHA 3 perientopoM TRPV1: obmacts A-OeH30mbHE KinbIle; o0macTs B
—aminHa rpyna (NH-C=0); obmacts C — anxokcurpyma. JloKiHT-0LiHKa IPOTIOKCa-
sernamy (—7,30 Kkaji/M0JjIb) BKa3y€e Ha CHIIBHINIY B3aeMOito 3 peuentopom TRPV1
MOPIBHSAHO 3 oOKkcaszenamoMm (—6,82 Kkaja/Moib), 3-TiIPOKCOMPOIOKCa3enaMoM
(—6,49 kkan/monp) i kancazemaoM (—6,39 kkan/mois). Po3nisnaroun 30UThIICHHS
BUTBHOI €HEprii B3aeMoii, JIraHAM MOXXHA pPAHXKYBaTH HACTYIHHM YHHOM:
SB-366791 > Kamncaimuua > RTX > Kamncazenin > [Ipomokcazemam > [liazemam >
3-rigpoxcomnpornokcasenaMm > Okcaszermam. [Ipormokcasenam CTBOPIOE JiBa BOJHEBI
3B’SI3KH: OfIMH 32 yuacTio NH-rpymu aminy (110 mpu3BOAXTH 0 B3a€MOIIi BOIHEBOIO
3B’s13Ky 3 JIiHKepHOIO nimiikoro) i THRS50 6inka, a iHmmi — Mi>K KHCHEM aJIKOKCUTPY-
i (rigpodoOuuii xBicT) 1 TYRS11 peuenrropy TRPV1. Jliranau 3 miaTBepaKeHoO0
niero Ha pernentop TRPV1 Takoxk BCTyHaroThb y B3a€EMOIIO 3 OLIKOM, YTBOPIOO-
Y BOJHEBI 3B’SI3KM 3 THMHM XK aMIHOKHCIOTaMH, 10 M OeH30mia3eminu, a came
THRS550 1 TYRS11. IlepenbadaeTpes, o0 MpOIOKca3enaM Mae€ BIZHOCHO HU3BKY
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edexruBHicTh a00 cnopigueHicts 3 TRPV1 (mpornozosanwmii nokaszuuk pIC50 cra-
HOBHTH —1,115), ane 1e 3HaYCHHS BUIIIE, HIXK Y 1HIIUX JIIraHIiB.

BucnoBku. OCKITBKH MPOIIOKCa3ernaM Mae HeoOXiaHi apMakopOpHi BIaCTHBOCTI
tapmakopopHoi mozmeni miranmiB TRPVI1, BiH TeopeTHUHO MOXeE 3B’S3yBaTHCS
3 nuMm perentopom. IIpomnokcasenam cTBOproe BomHeBHid 3B 530k 13 TYRS11
peuenropa TRPV1 sk pedepentnuit mirang SB-366791. Ilpomokcazemnam
JIEMOHCTPYE ONIUH 3 HAMOUTBIIIX BHECKIB BOTHCBHX 3B’SI3KiB B €HEPTi0 B3a€MOJIil
3 peuentopoM. BigmosinHo mo monemoBanHs QSAR, yci mocmimpkyBaHi crioiy-
ki (3-TigpoKcomporokca3enam, mia3ernaM, OKca3emam, IpOIIOKca3eraM) MarTh
HU3bKI 3HadeHHs pIC50, mo Moke BKasyBaTH Ha BiTHOCHO HH3BKY €(EKTHBHICTH
ab6o cropigHenicts 3 TRPV1. Ane nporokcasenaMm Mae HaBHUIIUEA TPOTHO30BaAHUI
pIC50, e o3Havae, 1110 MOJIEIb Miepeadayae, M0 BiH € HAUTIOTY)KHIIIMM Cepe]l CIIo-
TyK.

KuarouoBi cioBa: noxinr; mpomnokcasenam; perenrrop TRPV1; 6inmb; 3B’s13yBaHHS;
1,4-0OeH30mia3eninu
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MOLECULAR INSIGHTS INTO PROPOXAZEPAM
INTERACTION WITH TRPV1 RECEPTORS:
A DOCKING ANALYSIS

Summary

Problem. Pain therapy has remained conceptually stagnant since the opioid crisis,
which highlighted the dangers of treating pain with opioids. TRPV1 receptors and
their ligands have emerged as promising targets for the management of various pain
conditions, including inflammatory and neuropathic pain. Further investigation
into the activation and desensitization mechanisms of TRPV1 receptors, as well as
the exploration of novel ligands with enhanced selectivity and efficacy, holds the
potential to alleviate the burden of chronic pain.

Aim. The study of interactions of ligands with the TRPV1 receptor by molecular
docking and analysis of components of these interactions.

Methods. In order to study the binding energy of the TRPV1 receptor with the
researched compounds 8 GFA — Cryo-EM structure of human TRPV 1 in complex with
the analgesic drug SB-366791 was utilized. The docking and QSAR prediction were
carried out with propoxazepam, its possible metabolite 3-hydroxopropoxazepam,
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diazepam, oxazepam, SB-366791, RTX, capsazepin, capsaicin. The docking and
QSAR build model using the Maestro Schrodinger Suite.

The main results. Propoxazepam has the necessary pharmacophoric features to
bind with TRPV1 recepor: region A-benzene ring; region B — the amide group (NH-
C=0); region C — alkoxy group. The docking score of propoxazepam (-7.30 kcal/
mol) indicates a stronger interaction with the TRPV 1 receptor compared to oxazepam
(—6.82 kcal/mol), 3-hydroxopropoxazepam (—6.49 kcal/mol), and capsazepin (—6.39
kcal/mol). When considering the increase in the free energy of interactions, the
ligands can be ranked as follows: SB-366791 > Capsaicin > RTX > Capsazepin >
Propoxazepam > Diazepam > 3-hydroxopropoxazepam > Oxazepam. Propoxazepam
establishes two hydrogen bonds: one involving the NH group of the amide (resulting
in a hydrogen bond interaction with the linker-neck) and THRS550 of the protein,
and another between oxygen of the alkoxy group (hydrophobic tail) and TYRS11
of the TRPV1 receptor. Ligands with confirmed effects on the TRPV1 receptor also
engage in interactions with the protein by forming hydrogen bonds with the same
amino acids as the benzodiazepines, namely THR550 and TYRS511. Propoxazepam
is predicted to have relatively low potency or affinity for TRPV1 (predicted pIC50
value of —1.115), but this value is higher than other ligands.

Conclusions. As propoxazepam has the necessary pharmacophoric features
of the pharmacophore model of TRPV1 ligands, it could theoretically bind with
this receptor. Propoxazepam creates hydrogen bond with TYRS511 of the TRPV1
receptor as referent ligand SB-366791. Propoxazepam exhibits one of the largest
contributions of hydrogen bonds in the energy of interaction with the receptor.
According to QSAR modelling, all studied compounds (3-hydroxopropoxazepam,
diazepam, oxazepam, propoxazepam) have low pIC50 values, which could indicate
a relatively low potency or affinity for TRPV1. But propoxazepam has the highest
predicted pIC50, it means that the model predicts it to be the most potent among the
compounds.

Key words: docking; propoxazepam; TRPV1 receptor; pain; binding; 1,4-benzo-
diazepines
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